An abbreviated Weschler Adult Intelligence Scale Revised (WAIS-R) was used to assess verbal and arithmetical cognitive performance in 55 subjects with myotonic dystrophy (DM), covering all grades of disease severity, and 31 controls at 50% risk of inheriting DM. Scaled scores from the assessment were converted into an intelligence quotient (IQ) estimation on each person. Significant IQ differences were found between: (1) all 55 DM subjects (mean 902, SD 16-1) and 31 controls (102-6, SD 9 4), with no sex differences in either group; (2) 15 affected parents (99 3, SD 12-2) and their affected children (88-1, SD 17-2), where significance was dependent on parental sex being female; and (3) 15 pairs of affected sibs (89-6, SD 13-2) and their normal sibs (1002, SD 7 6). IQ steadily declined as (1) the age of onset of signs and symptoms decreased, and (2) the CTG expansion size increased. The correlation appeared to be more linear with age of onset. The correlation of IQ difference and CTG expansion difference in both the DM parent-child pairs and normal sib-affected sib pairs was poor, indicating that CTG expansion is not a reliable predictor of IQ either in individual persons or families. Further analysis of cognitive function in DM is required to clarify specific deficits characteristic of this patient group.
Since the cloning of the myotonic dystrophy (DM) gene,'-3 and the discovery that an unstable CTG trinucleotide repeat sequence is present in those with the phenotype, it has been shown convincingly that the size of this triplet amplification is well correlated with the molecular findings has not been addressed.
DM subjects are well known for their mental apathy, lack of motivation, and poor concentration. The earliest descriptions of DM were accompanied by observations of altered and disturbed mental affect.8'0 These patients were variously described as having "peculiarities of temperament",8 "intellectual enfeeblement",9 or "imbecility'.10 Several detailed neuropsychological studies in DM, attempting to assess cognitive function qualitatively and quantitatively, have been undertaken in recent years."l-'7 Mean intelligence quotient (IQ) scores in a total of 162 DM subjects ranged from 84.516 to 96-4,"3 with an overall mean of 91 6 (table 1). All studies used either the Weschler Adult Intelligence Scale (WAIS), or the WAIS-Revised (WAIS-R) to estimate IQ, and a variety of other scales were used either to verify cognitive deficit or to assess personality (table 1) . Four of these studies were unaccompanied by controls'2-'5 and no study selected DM subjects across the full spectrum of the disease with all categories of clinical severity represented. No study has assessed intergenerational IQ deficit despite the well recognised "anticipation" in this disease. This is potentially important in genetic counselling for DM families, especially those for whom prenatal diagnosis is an option, where the diagnosis is dependent on the finding of an expanded CTG insertion.
The purposes of this study, therefore, were:
(1) to establish an IQ profile of DM across the whole spectrum of disease severity; (2) The vocabulary subset used 35 words and subjects were asked to give the meaning of each in turn. Responses were scored 2, 1, or 0, depending on accuracy, and five consecutive zero scores brought this part of the assessment to an end. The score achieved was converted into a "Scaled Score" according to age.
The arithmetic subset consisted of 14 questions to be answered without aids. Responses had to be completed within a specified time and four consecutive wrong answers brought this part of the assessment to an end. The score achieved was converted into a "Scaled Score" according to age. Combined Scaled Scores were converted into an IQ estimation by means of an equation devised by Crawford et all9 (Department of Psychology, University of Aberdeen) in the following way.
(1) A full length WAIS-R was administered to a healthy adult population sample (n = 200) representative in terms of age, sex, and social class. (2) Multiple regression analysis on this sample was used to build equations which produced full length IQ from the vocabulary and arithmetic subsets. As IQs are adjusted for age, age graded scaled scores for the two subsets were used as predictors.
MUTATION ANALYSIS
DNA was extracted from 20 ml of blood by standard techniques. Patient DNA was digested with a fourfold excess of EcoRI and run overnight on 0-9% agarose gels at 30 V. The digested DNA was blotted onto Hybond N + using 0-4 mol/l NaOH in an LKB Vacugene blotter. Filters were prehybridised overnight at 65°C in a Techne hybridisation oven. The prehybridisation solution was as described by the manufacturer for Hybond N + and 10 gl of sheared human DNA (5 mg/ml) was added to 20 ml prehybridisation solution. The probe GB2.63 was labelled by random priming and hybridised to the filters for 16 to 24 hours. The filters were washed at 65°C in (1) 2 x SSC, (2) 2 x SSC, 0-1% SDS, and (3) case of the affected parent-child pairs the analysis comprised both the total group plus a separation of the pairs according to the sex of the affected parent. In families where an affected parent had more than one affected child, the average IQ of the affected children was calculated and used as one arm of the pair. Similarly, in large sibships, the average IQ of unaffected and affected sibs was calculated, as appropriate, to construct a "pair".
Results

ALL SUBJECTS
These results are presented in tables 2 to 4 and figs 1 to 3. The mean IQ deficit between controls and affected subjects was > 12 points, a highly significant difference. There was no significant sex difference in IQ for either the affected subjects or controls. The distribution of IQ in the affected group is compared with controls in fig 1, 
AFFECTED PARENT V AFFECTED CHILD PAIRS
The mean intergenerational IQ deficit in 15 parent-child pairs was > 11 points, p = 0-02 (table 5 ). The range, however, was very wide, from 37 to -23 points, and showed a very poor correlation when plotted against the CTG, expansion difference for each pair (fig 4) . Analysis of the pairs according to sex of the affected parent showed that there was no significant intergenerational IQ difference where the affected parent was male (n = 16), but there was a significant IQ deficit of 17 points, p = 0-025, where the affected parent was female (n = 9, table 6). 
is imprecise since many patients are vague about when they were first aware of symptoms. Nevertheless it is possible to recognise broad categories of disease severity according to age of onset and the system of Koch et al18 was followed. Previous studies have shown a wide spread of IQ measurement in DM (table 1) , ranging from 84.516 to 96 4,'3 but the subjects of each study were selected and not representative of the full spectrum of disease severity. Nevertheless, the overall average IQ from these studies, 91 6 from a total of 162 subjects (table 1) , is very close to our own mean of 90 2 from 55 subjects.
A large proportion of DM patients have an IQ in the normal range (fig 1) but many of these have cognitive difficulties which are concealed by the methodology of this study. In particular, many patients with a normal IQ admit to concentration problems and mental lethargy. For example, a newly diagnosed 16 year old female in our study, with an IQ of 104, admitted to concentration difficulties compared with her school peers, and academic reports consistently stated that she was performing below her potential. Studies which examined cognitive function in more detail have highlighted specific difficulties with attention and concentration,"' 14 abstraction and new concept formation," 12 Despite the small numbers these results provide further evidence that in general the disease in offspring is less severe when the father is the transmitting parent, consistent with the evidence that there is greater instability of the CTG repeat through female transmission. 24 The observed intergenerational IQ deficit is most unlikely to be because of inadequate nurture since a significant difference was found between normal sibs at 50% risk and their affected sibs (table 7) . These findings may prove useful in genetic counselling but caution is advised with respect to the usefulness of molecular studies in the prediction of intellectual performance in a person. Our results show a poor correlation between IQ and CTG expansion size differences for affected parents and their affected children (fig 4) , a potentially important point when counselling for prenatal diagnosis. The correlation of IQ and CTG expansion size differences was much closer for the normal sib-affected sib pairs ( fig  5) but it is clear from all analyses that intellectual performance cannot be reliably predicted from molecular findings, except, possibly, in the case of large CTG expansions of 3 kb or greater.
Further descriptive analysis includes magnetic resonance imaging (MRI) of the brain and EEG studies. MRI has shown increased subcortical white matter changes in a periventricular distribution bearing similarity to findings in demyelinating disorders.2225 In addition, temporal lobe abnormalities,23 cerebral atrophy,23 and ventricular dilatation2526 have been described. Patients with severe cognitive deficit tend to have the most striking abnormalities on cerebral imaging. Similarly, abnormalities of the EEG in DM, slow background and a wave activity, are most evident in subjects with severe cognitive impairment27-29 and, although not adequately explained, it is likely this represents cell membrane dysfunction in the CNS. The decrease in glucose uptake by the brain, described by Fiorelli et al,30 may also be a consequence of cell membrane abnormalities rather than a primary fall in cerebral metabolic rate or secondary to cortical atrophy. In DM, however, there is generalised glucose intolerance and insulin resistance,31 which makes the interpretation of this finding complex.
In the assessment of cognitive function in DM subjects a simple IQ measurement has limited value. For the general welfare of these patients further study should focus on specific deficits in performance with a view to designing the most appropriate aids and means of support that will enable this group to function optimally in society. 
